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Abstract  
As a maritime country, shrimp commodity production in Indonesia is 
very high and continues to increase. However, because shrimp is a 
perishable food, we need a detection device. This is because 
conventional methods that are widely used by the community in 
detecting freshness of shrimp are only based on the smell. Of 
course, this is a problem when shrimp are packed in closed 
containers. In this paper, a method for detecting shrimp is proposed 
using the Melastoma malabathricum L. - based label indicator. The 
high content of flavonoids in the extracts allows the changing the 
colour of the label from red to grey due to the interaction between 
the label with the OH- group that arises from the shrimp spoilage 
process. The colour that appears on the label indicator will correlate 
with the level of shrimp freshness. By increasing detection 
effectiveness, the classification is performed using the nearest-
neighbours algorithm, which is equipped with an image processing 
mechanism in the form of colour quantization. There are four 
classifications used to express the quality of shrimp, namely 
"acceptable," "just acceptable," "unacceptable," and "more 
unacceptable." The accuracy of applying this method is 71.9%, with 
the majority of detection errors occurring in the "acceptable" class. 
Based on these results, it can be stated that the label indicators 
prepared in this study are very promising to be developed into 
intelligent packaging components.  
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Shrimp is one of the leading fisheries 
commodities in Indonesia besides crabs, squid 
and fish. The total shrimp production in 
Indonesia continued to increase until it reached 
585,000 tons in 2014 and with an increased 
rate of about 65% per year [1] [2]. Although it is 
highly sought after by consumers because of its 
very rich nutrition, shrimp are classified as 
perishable food [3] [4]. Bacterial activity in 
shrimp quickly reduces the quality of shrimp as 
indicated by changes in colour, smell, and taste 
until the spoilage process occurs. The spoilage 
of shrimps is also caused by poor handling 
resulting in decreased shelf life and nutritional 
value of shrimp [5] [6]. 
The mechanism that is generally used by 
the community to detect shrimp spoilage is 
through olfaction. However, this has the 
disadvantage that if shrimp are stored in a 
closed container, then the odour of the shrimp 
is not detected [7]. An alternative to overcome 
this is to use label indicators based on label 
colour changes because this method is easy 
and efficient to detect spoilage in all types of 
seafood, especially shrimp [8]. 
The indicators used in food packaging 
must be non-toxic and environmentally friendly. 
Currently, the development of indicator 
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materials has focused on developing label 
indicators from natural materials. Some natural 
ingredients that have been used as label 
indicators include Ruellia simplex [8], Brassica 
Oleaceae extract [9], and flower of Bauhinia 
blakeana Dunn [10]. But these plants are 
relatively difficult to obtain in coastal areas. One 
of the plants that have high survival and can 
potentially be used as an indicator of the 
freshness of shrimp is Melastoma 
malabathricum L. [7]. The deep purple colour of 
the fruit is an indication that it contains high 
flavonoids in the high amount [11] and it has 
the potential to detect shrimp freshness through 
the mechanism of colour change [12][13]. The 
colour change mechanism of the label indicator 
occurs due to the presence of OH- groups or 
changes in the pH of ammonia that appear as a 
byproduct of the decay process. 
To improve the efficiency and accuracy of 
measurements, the label indicators developed 
in this study are integrated with artificial 
intelligence classification technology. The 
integration of artificial intelligence with label 
indicators to detect the freshness of shrimp is a 
new technique in food packaging. Some 
previous studies observed changes in the 
colour of the label with the manual image 
processing software [14] or UV-Vis 
spectrophotometer [15]. Thus, it is not simple. 
The artificial intelligence algorithm that will be 
applied is the nearest neighbours. We chose 
the nearest neighbours method because the 
method is simple and has good accuracy in 
image classification compared to several other 
methods such as neural-network [16] [17] and 
decision tree [18]. Integrating the label indicator 
with artificial intelligence technology is an effort 
to develop a system that can meet the 
challenges of the industrial revolution 4.0, 




This research method consists of two 
stages: (i) synthesis of label indicators from M. 
Malabathricum L. extracts, (ii) indicator sensitivity 
testing for shrimp freshness, and (iii) data 
processing using nearest neighbours algorithm. 
The method of label indicator synthesis carried 
out in this study refers to the synthesis of label 
indicators in previous studies [7]. The method of 
making label indicators based on M. 
Malabathricum L. extract is done by soaking 
Whatman paper on the extracts made from a 
mixture of ethanol and M. Malabathricum L. fruit 
under acidic conditions (pH = 2) and dried at 
room temperature.  
 
Figure 1. Nearest Neighours Algorithm 
 
The label indicators created in this study have a 
red colour. The concept of nearest neighbours 
algorithm is illustrated in Figure 1.  
Testing the detection of label indicator 
response to decay is done by storing shrimp in a 
glass container equipped with label indicators 
and then observing the colour change for up to 
25 hours. Data processing using the nearest 
neighbours algorithm is done with Wolfram 
Mathematica 11.3 software using a computer 
with Intel Core i7-8750H (16 GB RAM) processor 
specifications. The use of Wolfram Mathematica 
software in this study is because the software 
can run a machine learning program and can be 
used to run a simple image processing algorithm 
[19] [20]. The nearest neighbours method is done 
using 27 training data. This method's accuracy 
level is determined automatically through 
Wolfram Mathematica software and validated by 
testing using 27 test data. 
Before the image of label indicators is 
classified, the image obtained is quantized. It is 
intended that the colours obtained are consistent 
and the noise can be reduced. Colour 
quantization is a process of reducing the number 
of colours but still representing the image [21]. In 
this case, one type of colour is taken for each 
label indicator obtained. Classification of label 
indicators that will be carried out consists of 
classification: (i) acceptable, (ii) just acceptable, 
(iii) unacceptable, and (iv) more unacceptable. 
The determination of the classification is based 
on the organoleptic test results of shrimp based 
on the storage time function at room temperature 
carried out. The accuracy of the methods is 
determined by the ratio of correct predictions by 
the total predictions. 
 
RESULTS AND DISCUSSIONS 
After testing the response of the label 
indicator in detecting freshness of shrimp for 25 
hours obtained information related to changes in 
the colour of the label indicator from red, purple, 
then grey. The testing method is done by putting 
the label indicator in a bottle containing shrimp as 
in Figure 2. 
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Figure 2. Measurement of label indicator 
performance 
 
The colour change is related to the amount 
of ammonia gas released by the shrimp during 
the spoilage process. The longer the shrimp is 
stored (at room temperature), the more ammonia 
levels are released as a byproduct of the shrimp 
spoilage process. When matching shrimp quality 
data based on storage time based on research 
conducted by Ali et al. [21] then the relation of the 
colour of the label indicator with shrimp quality 
can be expressed by Figure 3.  
"Acceptable" shrimp quality categories are 
indicated by red, "just acceptable" is shown by 
dark purple, "unacceptable" is indicated by light 
purple, and "more unacceptable" is indicated by 
grey. Through this image, it appears that the 
difference between unacceptable class and just 
acceptable class is quite challenging to observe. 
In practice, the image of label indicators 
obtained from monitoring shrimp quality is not 
always homogeneous. Therefore, before 
classification with the nearest neighbours 
algorithm, the image of the label indicator is 
quantized into a single colour. In Figure 4, the 
results of the colour quantization of the indicator 
image and its image histogram are shown. It 
appears that before quantization, the colour 
distribution of the label indicator is scattered. 
However, after quantizing the primary colour of 
the indicator image is only focused on one value. 
Thus, the process of label indicator colour 
classification can run better. 
 
    
Acceptable Just Acceptable Unacceptable More Unacceptable 
Figure 3. Relationship of shrimp quality with indicator colours  
 
 
Figure 4. The results of the label indicator image quantization:  
(a) for acceptable conditions; (b) for more unacceptable conditions 
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To measure the accuracy, the colour 
classification provided by the nearest neighbours 
algorithm, a comparison is made with the test 
data as in Table 1. It appears that from 27 tests, 
there were four times incompatible and 23 results 
that matched the test data. The majority of the 
inappropriate classification occurs on the 
acceptable quality of shrimp. This is caused by 
the almost similar image of the label indicator 
between the unacceptable quality and just 
acceptable quality. However, the increase in 
classification accuracy with nearest neighbours 
can be improved through the addition of training 
samples so that the classification system can 
better recognize the label indicator image. Also, 
based on the information data provided by the 
software in Figure 5, the classification system 
built in this study has an accuracy rate of 71.9% 
for a total of 27 training samples. 
 
Table 1. Comparison of classifications based on organoleptic measurement and nearest neighbours 
predictions. 
















































Just acceptable Just acceptable 
17.  
 
Just acceptable Just acceptable 
18.  
 
Just acceptable Just acceptable 
19.  
 
Just acceptable More unacceptable 
20.  
 
Just acceptable Just acceptable 
21.  
 
Just acceptable Just acceptable 
22.  
 
Unacceptable Just acceptable 
23.  
 
Unacceptable Just acceptable 
24.  
 
Unacceptable More unacceptable 
25.  
 
More unacceptable More unacceptable 
26.  
 
More unacceptable More unacceptable 
27.  
 
More unacceptable More unacceptable 
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Figure 4. Information of the nearest neighbours 




Indicator label based on M. Malabathricum 
L. extract can be used to observe shrimp quality 
based on the colourimetric method. Changes in 
shrimp quality followed by the release of 
ammonia gas will change the colour of the label 
indicator. Initially, the red label indicator then 
turns purple and grey when exposed to the OH- 
group. Through the comparison between shrimp 
storage time and organoleptic quality, it is known 
that shrimp quality can be divided into four 
classes, namely: (i) acceptable shown by red, (ii) 
just acceptable shown by dark purple, (iii) 
unacceptable indicated by light purple and (iv) 
more unacceptable shown by grey. Through the 
classification of label indicator images using the 
nearest neighbours algorithm for 27 training 
samples obtained an accuracy rate of 71.9%. 
Also, according to 27 test samples got four 
classifications that did not match and 23 
classifications that match to the database.  
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